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ABSTRACT 
 
In this final part of the series, modified two-strand spun yarns are produced on a 
modified Sirospun system. The yarns are then evaluated against conventional 
Sirospun yarns. 
 
1. INTRODUCTION 
 
To evaluate the performance of modified two-strand spun yarns, we retrofit a Sirospun 
system with the notch roller described in early parts of this series (Norman and Wang 
2000a, b). Figure 1 shows a photograph of this modified two-strand spinning system.   
Fig. 1: Modified Sirospun system with the notch roller attachment 
 
If we remove the notch roller, we will produce conventional Sirospun yarn rather than 
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the modified Sirospun or two-strand spun yarn. For comparison, we produced both 
conventional and modified Sirospun yarns and evaluated their hairiness, tensile strength 
and elongation, abrasion resistance, and evenness. We spun all conventional and 
modified yarns from the same drafting system and on the same spindle in order to 
minimise variations other than those caused by the notch roller. We disengaged the 
experimental rig during spinning of the conventional Sirospun yarns. 
 
2. EXPERIMENTAL 
 
2.1 Roving Specifications and Spinning Details 
The specifications of the roving used in this study are: 
-  Roving count   800  tex 
-  Type     Twistless 
-  Package format   Double 
-  Mean fibre length   70   mm. 
-  Mean fibre diameter   22.5  m 
 
The spinning details are: 
-  Input count    2    800  tex 
-  Yarn count    50  tex 
-  Twist level    452  t/m 
-  Twist factor    3200  tex .t/m 
-  Spindle speed   6667  r. p. m. 
-  Traveller    No.  18   for conical rings. 
-  Strand spacing   14 mm. 
-  Strand length   about  30 mm. 
 
2.2 Specifications of the Notch Roller 
Figure 2 shows details of the notch rollers used in this study. 
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Fig. 2: Details of the Notch Rollers Used in the Experiments 
 
We designed notch roller No.1  according to the results obtained from the theoretical 
analysis in Part 2 for  A = 0.1 as follows : 
-  Position of the notch roller,  A = Lu /  La = 0.1  
    i.e. 0.1 = 
L- 30
L
 = 
L
L
u
u
a
u       Lu = 2.73 mm. 
-  Length of the block period,   lb =  4 Lu = 11 mm.  
-  Length of the release period,   lr = 0.3  L = 9 mm.  
 
Similarly we designed notch roller No.2 for  A = 0.3 as follows : 
-  Position of the notch roller,  A = Lu /  La = 0.3 
    i.e. 0.3 = 
L- 30
L
 = 
L
L
u
u
a
u       Lu = 7 mm. 
-  Length of the block period,   lb =  4 Lu = 28 mm. 
-  Length of the release period,   lr = 0.3  L = 9 mm.  
 
2.3 Testing of Yarn Properties 
Unless otherwise stated, we conducted all tests under standard testing conditions. 
 
Roller No. 1
lb = 11 mm
lr = 9 mm
phasing 180
o
lb = 28 mm
lr = 9 mm
phasing 180
o
Roller No. 2
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(1) Yarn hairiness 
We used the Zweigle G565 hairiness meter to measure yarn hairiness. This device 
detects the hairiness of yarns by measuring the number of projecting fibres in different 
length groups over a given length of yarn. 
 
The rig of the notch roller is an experimental device and has gone through many 
modifications.  Due to the many alterations carried out on it, it became loose and 
difficult to fix in the same position and angle of inclination, and the top roller 
occasionally touched the bottom roller at a slightly skewed angle. These factors 
necessitated repeated checking of the apparatus to achieve the optimum results. 
Therefore ten individual tests, each of  1000 m length were carried out on yarns spun 
with the notch rollers and the total values of hairiness were considered for comparison 
with conventional Sirospun yarns.  For all hairiness tests the yarn pretension was  5 cN. 
 
(2) Tensile properties 
We tested the  breaking strength and corresponding elongation of the yarns on a  Uster 
Dynamat single thread tester, according to the principle of constant rate of loading. 
Relevant settings are: 
- Load measuring range:  600 g. 
- Mean time to break: about 20  seconds. 
- Pre-tension: 25 g.   (0.5 g / tex). 
- Test length: 500 mm. 
 
We carried out ten individual experiments, with 200 tests  in each experiment. 
 
(3) Abrasion resistance 
The abrasion tester used is based on Plate's design (Plate 1983). It subjects a  225 mm  
region of individual specimens to cyclic bending over a highly curved abrasive surface 
of three ceramic pins mounted on a reciprocating carriage, with the yarn being either 
slowly traversed through the abrading zone or kept stationary within the abrading zone. 
We carried out our tests  with stationary yarn samples. Up to ten specimens can be 
evaluated at a time. Since the room where the abrasion tester was located was not 
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strictly controlled in temperature and relative humidity, we used five bobbins of each 
yarn at the same time for each abrasion test, and conducted 100 tests for each bobbin of 
yarn. The abrasion tester automatically recorded test results in 'cycles-to-break'.  
 
(4) Yarn evenness 
We tested yarn evenness on the Uster evenness tester 3. Ten bobbins were tested for 
each yarn, and the length of yarn tested from each bobbin is 1000 m, at a testing speed 
of 400 m/min. 
 
3. RESULTS AND DISCUSSION 
 
3.1 Yarn hairiness results 
The total number of hairs over 10,000 m of yarns in different length groups is 
summarised in Table 1 for comparison. 
 
Table 1: Summary of yarn hairiness results 
 
 
 
                       Total Number of Hairs in Different Length Zones  
 
Type 
 
1mm 
 
2mm 
 
3mm 
 
4mm 
 
6mm 
 
8mm 
 
10mm 
 
12mm 
 
15mm 
 
18mm 
 
S3 
 
Roller 
No 1 
 
784890 
 
174379 
 
49434 
 
20918 
 
3041 
 
1260 
 
311 
 
149 
 
31 
 
7 
 
75151 
 
Roller 
No 2 
 
939830 
 
192051 
 
56450 
 
22531 
 
3501 
 
1175 
 
344 
 
177 
 
97 
 
15 
 
84290 
 
Conv 
 
108024
9 
 
218863 
 
64602 
 
25636 
 
4062 
 
1300 
 
401 
 
221 
 
116 
 
19 
 
96357 
 
The S3 value represents the total number of hairs exceeding 3 mm over the given length 
of yarn. The long hairs are normally more troublesome than the shorter ones. The S3 
results show that using the new technique has reduced yarn hairiness by about 22% 
with roller No.1 and 13% with roller No.2. We also conducted a significance test on the 
ten individual S3 values for the conventional and two modified Sirospun yarns, using 
the all pairwise multiple comparison procedures of  the SigmaStat statistical software. 
The test results indicate the differences in the mean values among the three treatment 
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groups are greater than would be expected by chance, and there is a statistically 
significant difference (at the 5% level). This confirms that the modification has 
significantly reduced the hairiness of the conventional Sirospun yarns.  The reason for 
the significant difference in hairiness between the two notch rollers is that the position 
of the roller No.1 (A=0.1) results in a larger Tu than does roller No.2 (A=0.3). With an 
increased  Tu  the level of strand-twist in the ply is increased, leading to more trapping 
of surface fibres. 
 
(2) Tensile properties 
Table 2 summarizes the tensile test results for the three types of yarns. 
 
Table 2: Summary of the average tensile strength and elongation 
Method Elongation  % Breaking load in grams 
Conventional 20.3 373.17 
With roller No 1 18.05 358.95 
With roller No 2 18.1 357.48 
 
The results show that the modified yarns from both notch rollers have lower tensile 
strength and elongation than the conventional yarns. We may ascribe the differences to 
the observed phenomenon that the oscillation of the convergence point imparted a cork-
screw structure to the modified yarns. This structure negatively affected the tensile 
strength and the elongation of the yarn at break in spite of the increased level of the 
strand-twist. Both notch rollers have similar effect on yarn tensile strength, since they 
both impart cork-screw structure to it. 
 
(3) Abrasion resistance 
Table 3 summarizes the yarn abrasion test results for the three types of yarns. The 
results show that the abrasion resistance of the modified yarns has improved by  15.4% 
using roller No.1, 12.7% using roller No.2 over the conventional Sirospun yarns. 
 
Table 3: Summary of yarn abrasion results 
 
 
Conventional  Roller No 1 Roller No 2 
  7 
Mean 535 617 603 
Standard Deviation 91.7 104.6 102.6 
Sample Size 500 500 500 
 
Similarly to yarn hairiness results, we conducted a significance test on the 500 
individual abrasion results obtained for each yarn type. Using the One Way ANOVA 
test, the abrasion results failed the normality test.  Instead, the ANOVA on Ranks Test 
was carried out on the abrasion data. The results indicate there is a statistically 
significant difference amongst the three treatment groups. These results indicate a clear 
improvement on abrasion resistance of yarns produced by the modified method. We 
attribute this improvement to the increased level of strand-twist and improved fibre 
binding for the modified Sirospun yarns. Similar to yarn hairiness results, the reason for 
the above significant difference in abrasion resistance between the two notch rollers is 
that the position of the roller No.1 (A=0.1) results in larger Tu  than does roller No.2 
(A=0.3).  With increased  Tu  the level of strand-twist in the folded structure is 
increased, leading to more trapping of surface fibres and greater abrasion resistance. 
 
(4) Yarn evenness 
Table 4 summarizes the yarn evenness results. 
 
Table 4: Summary of yarn evenness results 
Method     Irregularity 
       ( CV %) 
Thin Places/Km 
        - 50 % 
Thick Places/Km 
       + 50 % 
    Neps/Km 
     +200 % 
Roller No 1 16.5 98 30 12 
Roller No 2 16.4 96 29 12 
Conventional 16.0 41 26 9 
 
Table 4 shows that the modified yarns with the use of notch roller No.1 and notch roller 
No.2 do not perform as well as the conventional yarn with respect to yarn evenness and 
imperfections. The deterioration in evenness and imperfections of the modified yarn 
may be caused by the oscillation of the convergence point when the notch roller was 
used. As mentioned before, such oscillation imparts an uneven cork-screw structure to 
the plied yarn, leading to reduced yarn evenness. In addition, the oscillation in 
convergence point may also cause tension variation in the strands above the 
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convergence point. If a high strand tension coincides with a low twist in a strand, the 
strand may be slightly drafted, which exacerbates the unevenness problem of the 
modified yarn. The deterioration in yarn evenness constitutes a potential drawback of 
the modified two-strand spinning system. 
 
4. EFFECT OF NOTCH ROLLER PHASING ON YARN 
PERFORMANCE 
 
In order to substantiate the theoretical predictions and to evaluate the effect of phasing 
on yarn properties, we constructed three notch rollers of different phasings (180
0
, 90
0
, 
0
0 
) as shown in Figure 3.  
Fig. 3: Details of the notch rollers used in the experiments 
 
We designed the notch rollers according to the theoretical analyses with the same 
details as the roller No.1 shown in Fig. 1, i.e. 
-  Position of the notch roller,  A = Lu /  La = 0.1  
    i.e. 0.1 = 
L- 30
L
 = 
L
L
u
u
a
u       Lu = 2.73 mm. 
-  Length of the block period,   lb =  4 Lu = 11 mm.  
-  Length of the release period,   lr = 0.3 L = 9 mm.  
 
We tested the yarns spun with these notch rollers for hairiness, abrasion resistance, 
tensile strength and evenness, under the same conditions as mentioned before.  
 
(1) Yarn hairiness results 
 
1800 
Notch Rollers with Different Phasing 
900 00  
  9 
Table 5 summarizes the total number of hairs over 10,000 m of yarns in different length 
groups for comparison. 
     
Table 5: Summary of yarn hairiness results 
 
 
 
                       Total Number of Hairs in Different Length Zones 
Phasing 1 mm 2 mm 3 mm 4 mm 6 mm 8 mm 10mm 12mm 15mm 18mm S3 
180
O
 
784890 174379 49434 20018 3041 1260 311 149 31 7 75151 
90
O
 
800600 177865 50437 21229 3146 1292 347 147 43 11 76652 
0
O
 
805021 179276 50525 21279 3194 1365 343 211 43 14 76974 
 
The significance test results indicate that the differences in the mean values among the 
treatment groups are not great enough to exclude the possibility that the difference is 
due to random sampling variability, and there is not a statistically significant difference. 
It is possible that different phasing will affect 'short-term' hairiness variation only, via 
its effect on the level of fibre trapping. But the overall hairiness results in the long term 
are not significantly affected by the phasing. 
 
(2) Yarn tensile strength and elongation 
A summary of the average breaking load and elongation for the yarns produced with 
different phasings is given in Table 6.  
 
Table 6: Summary of the average tensile strength and elongation 
Phasing Elongation  % Breaking load in grams 
180
O
 18.05 358.95 
90
O
 16.26 345.12 
0
O
 16.14 344.16 
 
A significance test performed on the individual readings of breaking load and 
elongation for each phasing indicates there is a statistically significant difference (at the 
5% level) in breaking load and elongation of yarns produced with 180
o
 phasing, 
compared with yarns produced with 90
o
 and 0
o
 phasings. We may ascribe this 
difference to the increased level of the strand-twist in the yarn produced with 180
o
 
phasing, and to the absence of very low twist spots in this yarn. 
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(3) Yarn abrasion resistance 
A summary of yarn abrasion results is given in Table 7 below.  
 
Table 7: Summary of yarn abrasion results for different phasings 
 180
o
 phasing 90
o
 phasing 0
o
 phasing 
Mean     617.7 604.6 597.6 
Standard Deviation     104.6 101.0 100.0 
Size     500 500 500 
 
A significance test shows there is a statistically significant difference in abrasion 
resistance between the modified yarns of 180
o
 and the other modified yarns of  90
o
 & 0
o
 
 phasings. Similar to yarn hairiness, we can attribute this difference to the increased 
level of the strand-twist in yarn of 180
o
 phasing, and to absence of very low twist spots 
in this yarn. 
 
(4) Yarn evenness 
Table 8 summarizes the yarn evenness results. We note that the yarn evenness results 
for different phasings  are very similar, indicating that phasing has no significant effect 
on yarn evenness. This is not surprising since yarn evenness is largely a function of the 
average number of fibres in yarn cross section, and phasing of the notch roller would 
not change this number. 
 
Table 8: Summary of yarn evenness results 
Phasing     Irregularity 
       ( cv %) 
Thin Places/Km 
        - 50 % 
Thick Places/Km 
       + 50 % 
    Neps/Km 
     +200 % 
180
O
 16.53 98 30 12 
90
O
 16.53 98 30 13 
0
O
 16.54 98 33 14 
 
5. CONCLUSION 
 
We evaluated the performance of modified two-strand spun yarns in this concluding 
part of the series of papers on modified two-strand spinning. While yarn hairiness and 
abrasion resistance improved with the addition of the notch roller, yarn tensile 
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properties and evenness deteriorated in the case of modified yarns. The improved yarn 
hairiness and abrasion resistance confirm the theoretical basis of the modified two-
strand system, in that the notch roller can increase the strand-twist in the folded yarn 
and as a consequence, increase the number of surface fibres trapped in the folded 
structure. In modified two-strand spinning, the convergence points oscillates 
appreciably, which might have caused the deterioration in yarn strength and evenness. 
Notch roller phasing affects yarn tensile behaviour and abrasion resistance, with the 
180
O
 phasing giving better results than the 90 
O
 and 0 
O
 phasings. But the phasing has 
little effect on yarn evenness. While we have evaluated the performance of the modified 
two-strand spinning system with yarn performance results. Another way of evaluating 
the modified system is to measure and compare the strand-twist directly with and 
without the modification. Such work may form the basis of further study in this area. 
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